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Abstract. A key issue of the star formation process is its independence from the environmental
conditions. In particular, it is not clear whether star formation in the outer Galaxy occurs in the
same way as in the inner Galaxy. We present preliminary results of the analysis of a∼ 440Ks ACIS-
Chandra observation of NGC1893, a young cluster (∼ 3−4Myrs), far away from the Galactic Center
with the aim to study star formation in the outer region of the Galaxy and investigate the coronal
properties of the cluster stars. We detect more than 1000 X-ray sources, most of which are likely
cluster members. We present also a preliminary analysis of X-ray variability of the cluster stars.
Keywords: Stars: activity, coronae, flare, pre-main sequence, late-type - X-ray: stars
PACS: 97.10.Jb, 97.10.Bt, 97.21.a+,98.20.Di
1. INTRODUCTION
We know that the environmental conditions in the outer Galaxy should be not favorable
to star formation: the average surface and volume densities of atomic and molecular
hydrogen nebulae are much smaller than in the inner Galaxy [1], the interstellar radiation
field is weaker [2], the prominent spiral arms are lacking and there are few supernovae
that can trigger the star formation. Nevertheless, we do observe stars forming in the
outer Galaxy and a key question is wether stars formation proceeds in the same way
under these different conditions.
In order to investigate on this issue, we studied the properties of the young clus-
ter NGC 1893, whose galactocentric distance is > 11 Kpc. We present the preliminary
results of an ACIS/CHANDRA observation of the cluster, as part of the joint Chandra-
Spitzer large project The Initial Mass Function in the Outer Galaxy: the star forming
region NGC1893 aimed at studying star formation processes at large galactocentric dis-
tances using multi-wavelength data, including infrared, X-ray, and optical observations.
2. OBSERVATION
The X-ray observation of NGC 1893 combines four nearly consecutive exposures of
the cluster taken in 2006 November and a fifth exposure taken in 2007 January, with
a total exposure time of ∼ 440ks. A so long observation, is ideal for studies of shortCREDIT LINE (BELOW) TO BE INSERTED ON THE FIRST PAGE OF EACH PAPER  
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FIGURE 1. Chandra X-ray (left) and 4.5 micron Spitzer (right) images of NGC 1893. Green boxes
mark the ACIS field of view
and medium period variability. The observations were obtained with the ACIS-I camera
on-board Chandra [3, 4], covering 17min×17min in the sky (Fig. 1). The high angular
resolution, with an on-axis PSF FWHM of ∼ 0.5sec, makes it possible to resolve the
central region of the cluster, despite the the crowdness due to the large distance of NGC
1893.
3. X-RAY DETECTION AND CROSS IDENTIFICATION WITH
IRAC SOURCES
We detected sources applying the PWDetect code [5] to the merged event file of the
five X-ray observations, filtering photons with energy between 0.5 and 8.0 KeV. After
manual rejection of detections due to artifacts, we finally accepted 1021 distinct sources.
Properties of X-ray sources were derived using the ACIS-Extract (AE) code [6].
We combined the Spitzer [7] and Chandra data, cross identifying the sources with
three different matching radii (0.7sec,1.5sec,2.5sec), depending on the source off-axis
angle. Considering the infrared sources detected in all the four IRAC energy bands,
we find 227 matches that we consider as candidate members of the cluster. By means
of the IRAC color-color diagram, we distinguish 116 stars, whose infrared emission
is dominated by disk, 1 object with strong envelope emission and 110 sources in the
color-color region corresponding to photospheres of normal stars. We consider these
110 sources to be Class III members of the cluster thanks to their high X-ray luminosity.
4. X-RAY VARIABILITY
We studied the variability of our sample, taking account also of different subsamples
derived from the infrared classification [7].
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FIGURE 2. Example of light curve with a flare. The cyan blocks represent the “Characteristic level”,
the green blocks the elevated level, and the red block the very elevated level (see text). The flare is marked
with a magenta line.
First, we analyzed the global variability of the light curves, applying the Kolmogorov-
Smirnov test to the arriving times of photons, and obtained that 20% of our source are
variable with a probability greater than 90%. 23% of Class II stars are variable and 24%
of the class III sources are variable.
We also analyzed the variability due to flares. In order to identify flares we use the
method described in Caramazza et al. [8] based on two characteristics of flares: high
count rate and its rapid variation. We first divide the light curve (Fig. 2) in blocks
of constant count rate and classify them in characteristic blocks, compatible with the
emission that the source keeps for most of the time, elevated blocks, slightly above the
characteristic level and not usually associated to the macroscopic flares and the very
elevated blocks, that combined with a high variation of count rate characterize flares.
In our sample of 1021 sources, 319 show flares. We found a frequency of flares of
∼ 0.3 flares per source, that is the same of the subsample of Class II stars; in the Class
III subsample we found a fraction of ∼ 0.2 flares per source.
To investigate the mechanism of emission of X-ray sources, we studied the energy
distribution of flares. The distribution is compatible with a power law (Fig. 3) with index
−2.6± 0.2 (grey line). For the subsample of Class II we found a slope of −2.8± 0.4,
while for Class III we found −2.6±0.5.
5. PRELIMINARY CONCLUSIONS
The sources of NGC1893 appear to be very active, a significant fraction of them show
variability, and, in the entire sample we detected 319 flares during the five days of
observation.
Studying the energy distribution of the observed flares, we noted that the distribution
is compatible with a power law, with index −2.6± 0.2. This slope is consistent with a
model in witch the light curve is entirely due to overlapping flares and even the quiescent
level is built from the superposition of microflares.
We compared the distributions of the entire sample with that of the subsamples of
Class I and Class II stars, and we do not observe any significant difference among them.
582
 Reuse of AIP Publishing content is subject to the terms at: https://publishing.aip.org/authors/rights-and-permissions IP:  131.215.225.131 On: Tue, 19 Apr 2016 22:20:01
FIGURE 3. Cumulative probability function of flare intensities. Above the completeness limit (dashed
line) the distribution is compatible with a power law; for low counts the distribution appears to saturate,
probably because low counts flares are not detectable.
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